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tinkerPlotsTM software allows 
users to engage in data analy-
sis through the construction of 

graphical representations of data that 
can be shifted and changed dynamically. 
Based on its sister program, FathomTM, 
TinkerPlots takes a constructivist 
approach to displaying data—that is, 
users construct, rather than select, types 
of graphs—thus allowing the creation 
of a surprising range of charts, tables, 
graphs, and other mathematical visu-
alizations that fall outside traditional 
categories.

An example of the unusual visualiza-
tions easily constructed in TinkerPlots 
is a dynamic version of Pascal’s triangle 
(see fig. 1). Pascal’s triangle is encoun-
tered in many contexts in school math-
ematics: Elementary school students are 
often encouraged to explore its patterns, 
while secondary school students deal 
with it when discussing the binomial 
theorem, recursion, combinations, and 
probability distributions.

Constructing Pascal’s triangle within 
TinkerPlots is a good way to gain a 
deeper understanding of its mathemati-

cal structure while learning how the 
software can be used to generate and 
display data. In addition, TinkerPlots 
presents a vehicle for exploring Pascal’s 
triangle far beyond what can be accom-
plished through pencil and paper alone. 
In this environment, the triangle can be 
extended over and above what can be 
calculated manually, and the many pat-
terns within the triangle can be explored 
dynamically by shifting between views 
and by transforming the data. 

For most uses of TinkerPlots involv-
ing data analysis, the values of attributes 
are typed in directly or imported from 
an external source. The TinkerPlots 
construction of Pascal’s triangle is an 
example of generated, or programmed, 
data—that is, the software has been 
instructed to generate the data directly 
rather than by using measurements 
or other observed data. The activity 
described in this article uses the soft-
ware’s built-in functions, which allow 
attribute values to be created from 
formulas.

A user with an understanding of 
the basic structure of Pascal’s triangle 
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lowing eight attributes: p, n, r, caption, 
combination, x, y, and last_row. 

Expanding the frame for the set of 
cards by dragging out the lower right 
corner of the collection reveals the 
Formula column for each attribute, 
located to the right of the Value and 
Unit columns. Clicking on the circle 
in this column opens the Formula Edi-
tor window (see fig. 4); a blue f in 

will construct it by using the software’s 
built-in functions and recursive capabili-
ties. In addition to providing users with 
a nontraditional programming view of 
TinkerPlots, the activity can also serve 
as a productivity tool, generating a 
rather nice image of the triangle for use 
on overhead projectors, in handouts, or 
for written assessments.

UnDeRStAnDIng PAScAl’S 
tRIAngle
In descriptions of Pascal’s triangle, each 
element is said to be in a level (with 
level n = 0 being at the top) and to have 
a rank within that level (in each level, 
rank r = 0 is the leftmost entry). As 
shown in figure 2, the levels (the n 
values) form horizontal rows, while the 
ranks (the r values) form diagonal col-
umns that slant downward to the left.

Each entry within Pascal’s triangle is 
determined by its n and r values. Often, 
the binomial coefficient notation
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is used to denote the entries within Pas-
cal’s triangle. Pascal’s triangle can be 
generated in two ways. The first is the 
recursive method, which uses the Pascal 
identity—
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—and the condition that
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In this way, each level can be created by 
using elements of the previous level (the 
level above). 

The second method of generating Pas-
cal’s triangle is the direct method, which 
recognizes that the binomial coefficient 
is equal to the combination n choose r:
—and the condition that
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The direct method allows any particular 
entry to be generated without reference 
to preceding values. Secondary school 

students learning combinations or the 
binomial theorem are often taught the 
recursive method of drawing Pascal’s 
triangle and, in turn, use it as a means 
of calculating small values of C(n, r). To 
draw the triangle within TinkerPlots, 
students use some recursive capabilities 
to obtain the correct positions for the n 
and r values; then the program’s built-in 
functions will directly calculate C(n, r).

gettIng StARteD  
WIth tInKeRPlotS
Within TinkerPlots, a collection of 
data is organized as a set of cases, each 
case bearing a set of attributes that are 
defined for the entire collection. Each 
case within the collection has its own 
values for the attributes. 

After opening TinkerPlots, create a 
new collection by dragging a set of cards 
off the shelf (see fig. 3). Double-clicking 
on the title Collection 1 allows the user 
to change the name of the collection. 
New attributes are added by double-
clicking the <new attribute> tag and 
typing in the attribute name. To create 
Pascal’s triangle, we will need the fol-

Fig. 1  three views of Pascal’s triangle in 

tinkerPlots

Fig. 2  Pascal’s triangle organized by level (n) 

and rank (r)

Fig. 3  Dragging cards off the shelf

Fig. 4  the Formula editor



630  MatheMatics teacher | Vol. 102, No. 8 • april 2009

the Collection window indicates that 
a formula has been provided for the 
attribute.

The formula can be typed directly 
into the Formula Editor window or 
inserted by double-clicking on the name 
of the function found within the naviga-
tion tree. Functions can be combined 
with standard operations or other func-
tions to create the attribute values. For 
example, the if function, needed to gen-
erate Pascal’s triangle, is located in the 
navigation tree under Functions, Con-
ditional. The if conditional statement 
is combined with a standard operation 
to create the formula for n (see fig. 5), 
along with the other formulas needed to 
create Pascal’s triangle.

The n attribute represents the level 
within the triangle where the entry is 
found. The prev( ) function within the 
formula generates recursive data. In this 

case, the level n depends not only on 
the level of the previous entry but also 
on the rank of the previous entry, rep-
resented by the r attribute. The formula 
for r is similar to the formula for n. To 
understand better the functions for the 
attributes p, n, and r, students should 
examine figure 6. The p, or position, 
attribute puts the entries in the triangle 
in a sequence that begins at the top and 
moves from left to right. For each p 
value, the n and r values can be calcu-
lated by these simple rules: 

Rule 0: When p is zero, n and r are equal 
to zero.

Rule 1: For all p greater than zero, r 
increases incrementally by 1 until it 
reaches the same value as n, at which 
point r reverts back to zero. 

Rule 2: For all p greater than zero, n 
remains constant until r reaches the 

value of n, at which point n increases 
incrementally by 1.

The p attribute provides a number-
ing for all the entries in the triangle. 
In TinkerPlots, each piece of data, or 
case, is given a number; the caseIndex 
function returns this number. Since we 
want the p attribute to range from zero 
onward, the p attribute is given the for-
mula caseIndex-1. In general, caseIndex 
provides a sequence ranging from 1 to 
the size of the collection that can be used 
as input into other formulas, allowing 
TinkerPlots to generate a wide variety of 
sequences.

The caption attribute provides a 
label that can be used to display the 
C(n, r) notation for a given entry. It is 
created using the concat( ) function, 
which allows text to be concatenated 
(squished) together. 

Finally, the actual value of the entry 
in Pascal’s triangle is calculated in the 
combination attribute. This attribute 
makes use of the combinations( ) func-
tion, which takes the n and r attributes 
as input. 

When all the attributes have been cre-
ated and their formulas entered, data can 
be added by selecting the collection and 
choosing New Cases from the Data menu. 
Hundreds of elements can be added, but I 
suggest adding only a few at first. A good 
number to begin with is 21; in general, 
the number of cases needs to be a trian-
gular number to ensure a full diagram, 
where triangular numbers are given by
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(here n refers to the number of levels 
in the triangle). If too many cases are 

Fig. 5  Formulas for creating Pascal’s triangle

attribute formula
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Fig. 6  the relationship between p values 

(circled) and the n and r values

TinkerPlots presents a vehicle for  
exploring Pascal’s triangle far beyond 
what can be accomplished through  
pencil and paper alone
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added, the data can be removed by click-
ing on the collection, choosing Select 
All Cases from the Edit menu, and then 
choosing Delete Cases from the Edit 
menu. 

DRAWIng the Plot
When a new Plot is dragged off the shelf, 
it is a shapeless bunch of dots, each dot 
representing an individual case (see fig. 
7). One method of giving definition to the 
plot is to drag attributes onto the axes. 
To make the x attribute appear on the 
plot, click on the x attribute in the Col-
lection window and drag it to the x-axis 
of the plot. Similarly, drag the y attribute 
onto the vertical axis. The plot will now 
be divided by a vertical and a horizontal 
axis. Place the cursor over the vertical 
axis until a double-headed arrow appears; 
click on the axis and drag it to the far 
right or left of the plot. Then draw the 
horizontal axis to the far top or bottom 
of the plot. Note that TinkerPlots offers 
a variety of ways to add attributes and 
separate them; the online help provides 
alternative instructions for completing 
this task. To see the numbers of Pascal’s 
triangle appear in the small circles, select 
the combination attribute in the Collec-
tion window and press the Label button 
on the menu bar (see fig. 8).

MoDUlAR PAtteRnS WIthIn 
the tRIAngle
A slight extension of the basic Pascal 
triangle construction can allow for the 
investigation of the fractal-like modular 
patterns within the triangle. When the 
modulus of a number is calculated, the 
resulting number is the remainder when 
divided by a given value. Two numbers 

a and b are congruent modulo a third 
number m, written a ≡ b (mod m), if they 
leave the same remainder when divided 
by m. For example, 17, 24, and 164 are 
all congruent to 3 modulo 7. If we con-
sider whether the numbers in the trian-
gle are congruent modulo 2, for example, 
a distinctive pattern emerges. Figure 9 
displays the pattern generated by taking 
all the values in the triangle, modulo 2; 
the steps necessary to create this pattern 
in TinkerPlots are discussed in the next 

section. Congruence mod 2 is really just 
parity, whether a number is even or odd. 
Another way to think of figure 9 is as 
showing the pattern of even and odd 
numbers within the triangle. 

A surprising fractal pattern—the 
Sierpinski-Gasket—emerges when the 
triangle is viewed through this modular 
lens (Weisstein). More elaborate pat-
terns can be generated by changing the 
value of m. Figure 10 displays the pat-
tern for modulo 7. 

Fig. 9  Pascal’s triangle, modulo 2 Fig. 10  Pascal’s triangle, modulo 7

Fig. 7  a new plot

Fig. 8  Fully separating the attributes (a); inserting numbers into the circles (b)
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Weisstein, Eric. “Sierpinski Sieve.”  
mathworld.wolfram.com/  
SierpinskiSieve.html.

Wolfram, Stephen. “Pascal’s Triangle Mod 
k.” Wolfram Demonstrations Project. 
demonstrations.wolfram.com/
PascalsTriangleModK/.∞

Exploring these patterns can form 
the basis of many activities. Conjectures 
may be made and checked by using the 
recursive and direct formulas that gener-
ate the triangle. Exploring these ideas 
further can lead into many branches 
of mathematics, from number theory 
to group theory and cellular automata 
(Shannon and Bardzell 2003). Other 
versions of this interactive Pascal tri-
angle can be found on the Web; see, for 
example, Shannon and Bardzell (2003) 
and Wolfram.

ADDIng the MoDUlAR  
PAtteRn FUnctIonAlIty 
An adjustable modulus can be added to 
the TinkerPlots workspace by using a 
slider. First drag a slider from the shelf 
and change its name to m by double-
clicking on the blue number within 
the slider frame. Double-clicking on 
the number line of the slider opens the 
Inspect Slider window, which allows us 
to restrict the range and type of values 
that the slider produces (see fig. 11 for 
these values). 

Next, in the Collection window cre-
ate a new attribute called modValue. 
The formula for modValue (see fig. 
12) uses the built-in modulo( ) func-
tion, found under Functions and then 
Arithmetic, and the concat( ) function, 
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Surfing note
Do you use a SMART Board in 
your classroom, or would you like 
to learn more about SMART Board 
technology? A Web site that may 
be of interest is smartboardwiki.
wikispaces.com. The creators of the 
SMART Board wiki aim to provide 
users with effective instructional 
strategies, professional development 
materials, and a place to communi-
cate about experiences using SMART 
Boards. The Web site also provides 
answers to frequently asked ques-
tions, a smart-use checklist, tutori-
als, ready-made lessons, and links to 
other Web sites that a SMART Board 
user may find helpful.

to effectively convert the numerical 
answer into text, so that it is displayed 
as discrete data. The modValue attribute 
can be displayed on the plot by selecting 
this attribute in the Collection window. 
Select the Label button along the shelf to 
display the value of the modValue attri-
bute on the plot, or select the Color Key 
button to display a color associated with 
each mod value. Experimenting with the 
icon size slider located below the x-axis 
will help you create pleasing and inter-
esting diagrams.

Drawing Pascal’s triangle in Tinker-
Plots provides a visualization of this 
mathematical structure while revealing 
the software’s surprisingly rich capabili-
ties for exploring and diagramming sets 
of generated data. This example shows 
how technology can enable students 
(and teachers) to see and do more—to 
go further in their mathematical explo-
rations than they could by using more 
traditional methods.
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Fig. 11  the m slider (a) and its inspector (b)

 (a) (b)

Fig. 12  Formula for adding modular patterns

attribute formula

modValue

  



  


